Based on the investigation of the water environment factors and aquatic biodiversity of AiYi
Introduction
Ecosystem health refers to the structural integrity and functional stability of the ecosystem, and the ability of self-maintenance and self-repair. A healthy aquatic ecosystem plays an important role in protecting the water environment and maintaining its normal functions of the water environment. Accurate diagnosis and evaluation of the health status of the aquatic ecosystem has high theoretical and practical significance.
Aquatic ecosystem is a complex large-scale system. It is difficult to diagnose and evaluate the health status of aquatic ecosystem accurately by a single method. At present, the widely used method in the health evaluation of aquatic ecosystem is the index system method Milani et al., 2017; Janssens et al., 2017; Rongrong et al., 2018) . A reasonable index system should reflect not only the overall health level of aquatic ecosystems, but also the changing trend of aquatic ecosystem health. The "Clean Water Act" issued by the United States in 1972 holds that maintaining the physical, chemical and biological integrity of the structure and function of river aquatic ecosystems is an important principle for river health assessment . Obolewski et al. (2019) proposed 16 indicators in 2019, including riparian zone integrity, river bed conditions, fish, aquatic plants, and classified the river health into five grades for evaluation. Some work has been done on the evaluation index system and methods of aquatic ecosystem health in China. Yu et al. (2017) put forward the contents of aquatic ecosystem health evaluation, such as the quality evaluation of biological habitat, hydrological evaluation and the evaluation of biological community. Maloney (2019) put forward the evaluation index system of water quantity, water quality, aquatic organism, physical structure and riparian zone, as well as five evaluation criteria of "very healthy, healthy, sub-healthy, unhealthy and sick". Du et al. ( 2017) constructed the evaluation index system of aquatic ecosystem health, and used the analytic hierarchy process to evaluate the Luanhe River Basin comprehensively.
Although the index system method can well reflect the health status of aquatic ecosystems well, selecting reasonable indicators to construct the evaluation index system has not yet formed a recognized theoretical system and methods. In this study, the principal component analysis method was used to screen the candidate indicators for the health assessment of the Aquatic Ecosystem of Aiyi River, construct the evaluation index system, determine the weight of the corresponding indicators, and use the grey correlation method to evaluate the health status of the Aquatic Ecosystem of Aiyi River comprehensively, in order to provide some basis for the restoration of the Aquatic Ecosystem of Aiyi River and the comprehensive prevention and control of water pollution.
Materials and methods

Research area
Ningxia is short of water resources, arid and windy, and vegetation is scarce, which determines that its environmental capacity is small, the stability of ecosystem is poor, and the water environment is vulnerable to pollution and destruction. At present, the water environment situation in Ningxia is severe, and the regional water environmental pollution has become one of the biggest environmental problems. Aiyi River is the key project of river-lake system connection in Yinchuan City. It is the key water conservancy project of autonomous region integrating flood control, drainage, ecology and landscape. It is a National Water Conservancy Scenic spot. It has important social significance and far-reaching history for improving flood control and drainage conditions, Regulating Groundwater level, beautifying human settlement environment, upgrading urban grade, realizing human-water harmony and social harmony in Yinchuan City. Significance. The total length of Aiyi River is 158.5 km, the water surface is more than 50,000 mu, and the drainage area is controlled at 1.75 million mu. The main source of water is flood, Gully Water and channel discarded water. The amount of water that can be reused in the upper reaches of Aiyi River reaches 51 million m3 every year, of which farmland drainage accounts for 68.9%, rich in nitrogen and phosphorus nutrients. Agricultural and rural non-point source pollution in irrigation area is becoming the basic restrictive factor of the water quality of Aiyi River, and the backwater pollution in irrigation area with farmland as the core is becoming the main pollution source affecting the water quality of Aiyi River. Due to the large input of exogenous nutrients, the water exchange between rivers and lakes is weak, which makes the water body of Aiyi River tend to eutrophication gradually.
Screening of comprehensive assessment indicators of aquatic ecosystem health in Aiyi River
Composition of candidate index system
According to the results of factor analysis of water environment of Aiyi River, the main factors affecting water environment of Aiyi River are total phosphorus (TP), electrical conductivity (EC), ammonia nitrogen (NH3-N), total nitrogen (TN), 
Indicator screening method
Principal component analysis was carried out for each index value of Aiyi River in March, May, July, September and November 2018. The factor load matrix was rotated by maximum variance orthogonal rotation method. The principal component was extracted according to 85% cumulative variance contribution rate. Then, the index with load value greater than 0.6 after rotation was selected as the index for evaluating the health attributes of Aiyi River (Boltovskoy, 2017) .
Determination of weight of evaluation index system
The above selected indicators constitute an index system for evaluating the health attributes of Aiyi River, and then the principal component analysis is carried out. The eigenvalues of principal components, the contribution rate of variance and the load value of factor after rotation are obtained. According to the 85% cumulative variance contribution rate, four principal components are extracted. According to the corresponding eigenvalues and contribution rate of variance of the four principal components, the weight of the index can be calculated (David et al., 2017; Łuczyńska et al., 2018) . The calculation formula is as follows:
In the formula, aij is the factor score coefficient (eigenvalue) of factor i in the j principal component, that is the contribution of factor i to the j principal component; Ej is the contribution rate of the principal component to the variance; Wi is the weight value of factor i. Then the weights of each evaluation factor can be obtained by normalizing the Wi. Table 1) . Aquatic ecosystem deteriorates seriously, its vitality is very weak, its structure is completely unreasonable, its resilience is very poor, and its health is very poor
Determination of evaluation standard system
Health grade assessment of aquatic ecosystem in Aiyi River
The health grade of Aiyi River was evaluated by grey correlation method. Taking health standard grading as comparison series, the measured values of each index are reference series, and the correlation degree between monthly and annual average values and health levels is calculated. The health level of water body in each period is judged by the magnitude of correlation degree (Boltovskoy, 2017; Fleming et al., 2002) .
The evaluation steps are as follows (Boltovskoy, 2017; Fleming et al., 2002) :
(1) Normalize the evaluation month and the index values of the evaluation criteria;
(2) Calculate the absolute difference between the normalized index value and the corresponding evaluation criteria of five evaluation grades [Δik(j)].
(3) Find out the minimum absolute difference [Δmin] and the maximum absolute difference [Δmax] between all indexes and five evaluation grades.
(4) The correlation coefficients [εik(j)] between the five-month and annual average values of each index and the corresponding evaluation criteria were calculated by taking the resolution coefficient p = 0.5.
According to the weight value of each index, the grey correlation degree (γij) between the monthly and annual average and the five evaluation grades was calculated.
According to the principle of maximum membership degree, the average health grade of 5 months and the whole year was evaluated.
Results
Selection of health assessment indicators for aquatic ecosystem of Aiyi River
Four principal components were extracted according to 85% cumulative variance contribution rate ( Table 2) . Fifteen factors were selected according to the principle that the factor load value was greater than 0.6. However, the number of heterotrophic bacteria in sediment has not been reported as an indicator of aquatic ecosystem health assessment. The evaluation criteria are uncertain, so 14 factors such as SS, EC, CODMn, BOD5, TN, NH3-N, TP, Chl.a, TLI(Σ), phytoplankton biomass (D), phytoplankton H'a, zooplankton H'b, benthic animal H'c, and aquatic plant H'd, are identified as the indicators for the health evaluation of the Aquatic Ecosystem of Aiyi River (see Table 3 ).
Composition and weight of health evaluation index system for aquatic ecosystem of Aiyi River
Fourteen health assessment factors of Aquatic Ecosystem of Aiyi River, including SS, EC, CODMn, BOD5, TN, NH3-N, TP, Chl.a, TLI(Σ), phytoplankton biomass (D), phytoplankton H'a, zooplankton H'b, benthic animal H'c, and aquatic plant H'd were screened and analyzed by principal component analysis. According to the analysis results ( Table 4) , the weights of each evaluation index were calculated, and the weights of 14 indicators were summed up. The normalized weights of each index can be obtained by dividing the weights of each index by the sum of weights ( Table 5 ). 
Standard system for health assessment of aquatic ecosystem in Aiyi River
The classification standard of physical and chemical indexes of water body is based on "Surface Water Environmental Quality Standard" (GB 3838-2002). Five grades of very healthy, healthy, sub-healthy, unhealthy and sick correspond to I, II, III, IV and V water standards respectively. The classification standard of suspended solids (SS) and conductivity (EC) is determined by reference (Boltovskoy, 2017) .
According , the comprehensive nutritional status index N = 50 is medium nutrition, which is regarded as sub-health level, N < 30 is poor nutrition, which is very healthy level, N > 70 is severe eutrophication, which is morbid level, 30-50 is health level, 60-70 is unhealthy level.
The Shannon-Wiener diversity index (H') of phytoplankton, zooplankton, benthic and aquatic plants reflects the diversity of community species. The value of H'(0-1) is eutrophic, 1-3 is mesotrophic and more than 3 is poor nutrition (Kozlov et al., 2017) . Accordingly, 2-3 is considered as sub-health grade, 4 is considered as very health grade, H'(1) is considered as morbid grade, 3-4 is health grade, 1-2 is unhealthy grade.
According to the relevant evaluation criteria of lake eutrophication in China (Suzuki et al., 2018), phytoplankton biomass < 3 mg L -1 is a poor nutrition type, which is regarded as very healthy and healthy grade. 3-5 mg L -1 is a middle nutrition type, which is regarded as sub-health grade, 5-10 mg L -1 as eutrophic type, which is unhealthy grade, and > 10 mg L -1 as extremely eutrophic type, which is a morbid grade.
The health assessment standard system of the Aquatic Ecosystem of Aiyi River is shown in Table 6 . 
Health grade assessment of aquatic ecosystem in Aiyi River
Taking the annual average index of Aiyi River as an example, the correlation degree between each evaluation index and evaluation standard grade was calculated ( Table 7) . The results of the difference calculation are shown in Table 8 , and the correlation coefficient and correlation degree are shown in Tables 9 and 10. The correlation between each month and the grade of evaluation criteria is calculated in Table 11 . From Table 11 we can see that the evaluation results of the Aiyi River in March and November are healthy, the evaluation results in May, July and September are sub-healthy, and the overall evaluation of the health status of the Aiyi River aquatic ecosystem is sub-healthy. 
Conclusion
Health evaluation index of aquatic ecosystem in Aiyi River
The evaluation index of Aquatic Ecosystem Health of Aiyi River is mainly composed of four parts: The first part includes the factors of phytoplankton biomass (D), phytoplankton H'a, zooplankton H'b, benthic animal H'c and aquatic plant H'd which are the comprehensive reflection of the diversity and integrity of aquatic ecosystem structure, and the most important part of the evaluation index of aquatic ecosystem health. The second part includes SS, EC, Chl.a and TLI(Σ) which mainly describe the content of suspended solids and dissolved salts in water. The third part includes TN, NH3-N and TP, which mainly describe the composition and content of nitrogen and phosphorus nutrients in water. The fourth part includes CODMn and BOD5 which mainly describe the content of organic matter in water. The above indicators cover the main water quality factors such as suspended matter, dissolved salts, nutrients and organic matter, which can fully reflect the water environment quality of the Aiyi River. Biological indicators include phytoplankton biomass (D), phytoplankton H'a, zooplankton H'b, benthic animal H'c, and aquatic plant H'd which are comprehensive reflections of the structural diversity of aquatic ecosystems. In the process of research, due to the lack of microbial research results, microbial indicators can not be included in the evaluation index system, and further in-depth and systematic research is needed to further improve the theory and methods of aquatic ecosystem health assessment.
Health status of aquatic ecosystem in Aiyi River
The contents of S S, CODMn, BOD5, NH3-N, TN and TP in Aiyi River in May, July and September were significantly higher than those in March and November, indicating that the contents of nutrients and organic matter in the water body of Aiyi River were higher in May, July and September, and the pollution degree of the water body was higher. The reason was that a large amount of organic matter and nutrients entered the water body due to the large amount of water recharge in the three periods. At the same time, under the high nutrient and high temperature environment, cyanobacteria multiply in large quantities, forming dominant species, inhibiting the growth of other phytoplankton species, decreasing phytoplankton diversity, increasing chlorophyll a content, phytoplankton density and biomass, resulting in serious impacts on the structure of the aquatic ecosystem and functional degradation of the Aiyi River, so the health status in May, July and September is worse than that in March and November. To be poor, in a sub-health state. TLI(Σ) indicates the degree of eutrophication of the water body. The TLI(Σ) in July and September of the Aiyi River is higher than that in March and November. It also shows that the water body of the Aiyi River has been moderately polluted, in a state of medium eutrophication, and its health has declined. In addition, the community structure of aquatic plants and benthic fauna in Aiyi River is not balanced and the diversity is low. The natural succession rate of aquatic plants and benthic fauna in Aiyi River can not adapt to the pressures of exogenous pollutants, and the inadequate ability to degrade nitrogen, phosphorus nutrients and organic matter is also an important reason for the sub-health of the aquatic ecosystem in Aiyi River.
The water source of Aiyi River is mainly farmland recession with high nutrient and organic matter content, which is the main cause of water pollution of Aiyi River. The aquatic ecosystem is greatly affected by external stress factors, resulting in sub-health of the overall health of the aquatic ecosystem of Aiyi River. The comprehensive evaluation results also reflect the water environment characteristics of the aquatic ecosystem of Aiyi River comprehensively. According to the results of health assessment of aquatic ecosystem, the prevention and control of water pollution in Aiyi River should mainly focus on reducing the content of exogenous nutrients and organic matter, rebuilding and restoring aquatic ecosystem, ensuring its structural integrity and functional stability.
The health status of river aquatic ecosystem varies greatly in different time and space scales. Based on the actual monitoring data in 2018, the health status of Aiyi River aquatic ecosystem is preliminarily evaluated. In the future, the characteristics of aquatic plant community, the characteristics of algae community and its diversity index, biological integrity index and comprehensive quality evaluation index of habitat need to be strengthened. In order to further improve the theory and method of river aquatic ecosystem health assessment, we should strengthen the observation of long time series aquatic ecosystem in different water periods.
